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Abstract: Fossils are a non-renewable natural resource and impart many different kinds of value including 

scientific, educational, aesthetic and via practical uses such as construction. They provide an entirely 

irreplaceable record of life on Earth yet ensuring their sustainable use has often been overlooked. Ten case 

examples of fossil sites, with a European focus but from around the world, are documented in a framework of 

economic, social and environmental spheres typically used in sustainable development theory. The 

sustainability of the way fossils are treated at the sites is examined, compared and discussed. Non-extractive 

uses are generally found to be most straightforwardly sustainable, but concerns such as pollution must be born 

in mind. Extractive uses (commercial collecting, quarrying) present more challenges but can be made 

sustainable by involvement of science and investment of profits. Without a coordinated global policy for 

sustainable development in all areas fossil use cannot be sustainable globally.  

 

Introduction 
 

Sustainable development (SD) is development 

meeting the needs of the present without 

compromising the ability of future generations to 

meet their needs (United Nations World 

Commission on Environment and Development, 

UN WCED, 1987). In SD value is divided into three 

capital stocks (pillars): environment, society and 

economy (Soubottina, 2004). Fossils are a non-

renewable natural resource (Weighell, 2001) and 

are natural capital but can be converted to social 

capital in the form of scientific knowledge and 

recreational value, and to economic capital via sale 

for building materials, decorations, or science, and 

via monetarized recreation. In terms of appreciation 

and knowledge, fossils are entirely irreplaceable 

(Jefferson, 2001) unlike other „non-renewable‟ 

resources such as fossil fuels which are ultimately 

renewed (Van Seters and Price, 2001). However, 

appreciation and knowledge values can be 

maintained indefinitely by non-destructive usage. 

Use of fossils which maximizes welfare in one form 

can be in conflict with those maximizing welfare 

from other values or from non-fossil sources. For 

example collecting for aesthetic appreciation may 

limit knowledge acquisition or flooding a quarry 

may provide non-fossil aesthetic and recreational 

benefits but prevent access to fossils.  

Other authors have addressed fossil use, 

some explicitly in connection with sustainable 

development. A Future for Fossils (2001) brings 

together management work, within which Larwood 

and King investigated application of principles of 

sustainable development to conservation of 

geological sites. Many have discussed commercial 

fossil collection. Martill (2001), Besterman (2001) 

and others debate the ethics of collection and 

specimen acquisition by researchers. Dalton (2000, 

2004), Du (2004), Fedonkin et al. (2009) and Hecht 

(2007) investigate the interaction of private 

collection and science, and Schmidt (2000) and 

Bloos (2004) address the effectiveness of fossil 

protection law. Webber et al. (2006) investigate the 

economic costs and benefits of geoconservation for 

UK sites, as does Hagan-Braun (2008) for British 

Columbia. Webber et al. (2006) divide value of 

geodiversity (including geology of abiotic origin) 

into use- and non-use following common practice 

for biodiversity (Hodge, 1995) and thence into 

products, appreciation, functions and knowledge 

(Table 1). In PaleoParks (2009) Wang et al., Pagès 

et al., Boonchai et al. and others document 

development of geoparks and geotourism. This 

study seeks to complement former work by bringing 

together a number of case examples of the use of 



fossil resources from around the world and 

documenting and discussing them using consistent, 

though qualitative, criteria specifically in terms of 

sustainable development. Ways to improve the 

sustainability of fossil usage globally are discussed. 

 

The Theory of Sustainable 

Development 
 

SD aims to reconcile justly distributed long-term 

financial welfare with maintenance of unpriced 

welfare deriving from unmonetarized parts of 

society and nature (Soubottina, 2004). Traditional 

development measures via Gross Domestic Product 

(GDP) (Hecht, 2010, El Serafy, 1995) do not 

correlate to happiness (Easterlin, 1973, Easterlin et 

al., 2010) and ignore inequality of distribution 

within and between generations, and unmonetarized 

sectors (Osberg and Sharpe, 2002, Soubottina, 

2004). Even indices such as the Human 

Development Index (HDI) (Noorbakhsh, 1998) do 

not take into account environmental quality and 

sustainability of welfare (Neumeyer, 2001). It is for 

this reason that SD divides „capital‟ into three 

stocks which can be interconnected in Venn 

diagrams (Barbier 1987, Lozano, 2008) (Fig.1). It is 

agreed that the sum of capitals must be maintained 

for future generations, but opinions differ if capitals 

can be interchanged or if natural capital is 

nonexchangeable (Daly, 1973).  

Principles of “spatial” (intragenerational) 

and “temporal” (intergenerational) distributive 

justice underpin SD. Rawlsian justice holds gains in 

welfare by members of society at the expense of  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

poorer members to be wrong (Rawles, 1971). SD 

extends this concept to intergenerational justice, 

stipulating maintenance of capital stocks (Stenmark, 

2007, McNeill, 2007). Intragenerational inequalities 

may undermine intergenerational justice as they 

may cause environmental degradation and social 

collapse (Lemons and Brown, 1995), affecting those 

even in future prosperous groups. Such ethical 

concepts can be described economically. A standard 

welfare function corresponds to the 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The three pillars of sustainability as connected in a 

Venn diagram by Barbier (1987) (top), and Lozano‟s (2008) 

more modern conception with the environment bounding the 

other pillars (bottom). 

Table 1. Fossils have many different values to humans. Webber et al. (2006) categorize the value of biotic and abiotic geodiversity as 

summarized below.  

Use values Non-Use Values 

 Applied science 

 „Blue-sky‟ science 

 Cultural importance 

 Aesthetics 

 Education 

 Recreation 

 Option value (value placed on resource not currently used but which may be in the future) 

 Existence value (value of knowing something exists, without a direct use) 

 Pure non-use value (value of resource which cannot be made direct use of at current prices, 

but would be at some price) 

 Bequest value (value due to desire to preserve resource for future generations) 

 

Form of value Examples 

Products Stone buildings, roads 

Appreciation Fossils both in and ex situ admired aesthetically 

Function As a part of the bedrock which facilitates nutrient and water cycling etc. 

Knowledge Science, education, application of knowledge 

 



 

 

additive income of all members of society (W is 

social welfare and Yi the welfare of individual i 

among n individuals in the society):  

 

 
 

A max-min welfare value function corresponds to 

Rawlsian justice, with welfare increased only by 

increasing that of society‟s poorest member: 

 

 
 

Sen (1973) relates welfare inversely to income 

inequality with welfare proportional to the mean per  

capita income of a society multiplied by its inverse 

Gini coefficient (G): 

 
In assessing the sustainable usage of any resource, 

including fossils, such theoretical conceptions are 

fundamental. Use of fossils which reduces their 

value or that of other resources is unsustainable. 

Welfare increases from fossil use is unsustainable 

unless justly distributed inter- and 

intragenerationally.  

Perfect markets should theoretically allot 

resources in an intragenerationally optimal, though 

not Rawlsian, manner but often fail to do even this 

(Hodge, 1995). A key reason for such market 

failures is externalities, i.e. failure to price the true 

value of resources to society (Laffont, 1989). The 

value of certain goods is more difficult to price than 

others as property rights are difficult to enforce. 

„Public goods‟ for example such as clean air are 

non-excludable (those who do not purchase cannot 

be excluded from usage) and non-rival 

(consumption by one does not limit that of another) 

and are provided by markets in inefficiently small 

quantities, with governmental action thereby 

justified. Negative externalities also fail to be priced 

due to their impacting others than the resource 

owner (Laffont, 2008, Hodge, 1995). To achieve 

SD, resources must also be distributed optimally 

using a welfare function taking inequality into 

account, requiring further moves away from a 

simple market whether by governmental or private 

means. The failure of the market to adequately take 

into account the future as future actors are not 

included in it - discounting (Koundiri, 2009) – also 

underlies difficulties in achieving SD. Economic 

actors typically value benefits progressively less the 

further into the future they will accrue (Guo et al. 

2006), leading to usage which is optimal at present 

but suboptimal in a longer timeframe. Future 

generations‟ interests are only represented in 

markets by the interests of the present generation 

for its descendants and they thus suffer heavy 

discounting or are not represented (Rose-Ackerman, 

1997). Governmental discount rates can be lower 

than private ones, but in democracy discounting 

occurs due to limited terms of office and under 

dictatorship individual interests remain short-term 

(Hodge, 1995).  
 

Methods 
 

Ten case example sites from different areas of the 

world, though with a European focus, were chosen 

and documented to give a broad picture of the 

differing environmental and social conditions at 

fossil sites. All are scientifically important 

Mesozoic sites with a variety of depositional 

environments. Six European sites were investigated- 

two inland Konservatlagerstätten (sites with 

excellent preservation due to rapid, low oxygen 

burial) (Holzmaden and Solnhofen), two costal 

(Jurassic Coast and Isle of Wight), and two 

ichnosfossil (trackway) quarry sites (Ardley and 

Crayssac). Outside Europe, the situation at two 

important sites in high income countries (Dinosaur 

Provincial Park and Winton) and two 

Konservatlagerstätten in middle income countries 

(Araripe and Jehol) is documented. Information was 

obtained from the literature, from visits to sites and 

from face-to-face, telephone and email 

conversations with a variety of people involved 

with activities at each location (listed in 

Acknowledgements and Personal Communications). 

The examples are introduced then summarized 

under economic (profitability, employment, wider 

economic impacts), social (social cohesion, science, 

education) and environmental (resource 

maintenance, greenhouse gas (GHG) emissions, 

pollution/other environmental damage) criterial 

headings. The examples‟ bearing on the sustainable 

use of fossils is then discussed in the wider context.  

 

 

                

W= Y1,Y2,...,Yn 

W= Y1+Y2+...+Yn 



 
 

Results: Case Examples 
 

European sites 
 

Europe‟s climate is temperate (see Table 2) and 

most sites, including all those here, are quarries or 

coastal. Legislation differs between countries (see 

Table 4), but export of items worth above €50,000 

from the European Union (EU) requires a permit. 

Income and development are high and corruption 

low in the countries investigated (see Table 3). 

 

Inland Konservatlagerstätten 

Holzmaden and Solnhofen, Baden-Württemberg and 

Bavaria, Germany 

 

Germany has a short coastline and most sites are 

inland, including Holzmaden and Solnhofen-

Eichstätt (henceforth Solnhofen) in the states 

Baden-Württemberg and Bavaria respectively. 

Income and human development are high and 

corruption low (see Table 3) and both states have  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

higher GDP and lower unemployment than 

Germany as a whole. Laws regarding fossils differ 

between the states, with state ownership of 

scientifically important finds in Baden-

Württemberg (Schatzregal law) – see Table 4. 

Climate at both is mild, but slightly cooler and drier 

at Solnhofen (see Table 2).  

 

Holzmaden 

Holzmaden's “Posidonia” Jurassic black shales are 

situated to Stuttgart‟s east, with local towns 

including Holzmaden and Ohmden. They are marls 

and shaly marls (Wild, 1992) formed from 

sediments from marine hypoxic bottom waters 

(Röhl et al. 2001), with some intercalated 

allochthonous limestone (Wild, 1992). There are 

many complete vertebrate finds, including 

ichthyosaurs and plesiosaurs, some with soft-tissue 

preservation (Wild, 1992). With decorative shale 

(Fleins) formerly a major industry, a single quarry - 

Schieferbruch Kromer (SK) - still operates at 

Ohmden. Valuable fossils found which are not state 

property under the Schatzregal law are sold. 

Tourists can pay to collect fossils (“paying 

collection”) at SK and Steinbruch Fischer (SF) in 

Holzmaden. The largest draw for visitors is the 

private Urweltmuseum Hauff (UH).  

Economy. A steady income which covers 

costs is generated by the quarries and museums (see 

Table 5), though competition with materials such as 

Chinese granite caused all Fleins quarries apart 

from SK to close. Entrance fees, café and shop 

cover most of UH‟s costs, with preparation bringing 

some revenue (see Table 5). The museum buildings 

have been subsidized by private donors and the 

state. Tourist revenue is highly seasonal but is 

steady year-to-year. Wider impacts are limited, but 

some visitors to museums and quarries make use of 

shops and the restaurant Gasthaus zum Lamm (GL) 

in Holzmaden.GL is particularly frequented by 

school groups. Most custom is local at bakery and 

supermarket as museum visitors often arrive and 

leave directly by car.  

Society. Social cohesion is high. All workers 

at the museums and quarries are local, and residents 

are proud of what they view as their heritage. For 

most locals interest in fossils stops after childhood, 

but there are local collectors. The museums and 

quarries are viewed positively. The Schatzregal law 

Table 2. Climate varies greatly between the sites, affecting their  

management. 

 

Locality Average 

Precipitation 

Per Year (cm) 

Average 

Temperature 

Coldest Month 

(°C) 

Average 

Temperature 

Warmest 

Month (°C) 

Holzmaden 

(Stuttgart) 

73[2] 0 (January)[2] 17 (July, 

August)[2] 

Solnhofen 

(Ingolstadt) 

66[2] -2 (January)[2] 17 (July)[2] 

Jurassic 

Coast 

(Bournemout

h) 

80[2] 4 (February)[2] 17 (July)[2] 

Isle of Wight 79[1] 6 (January, 

February)[1] 

17 (July, 

August)[1] 

Ardley 

(precip. 

Oxford, 

temp. 

Bicester) 

77[3] 3 (January, 

February)[2] 

16 (July, 

August)[2] 

Crayssac 

(Gourdon) 

80[4] 5 (January)[2] 20 (July, 

August)[2] 

Dinosaur 

Provincial 

Park 

(Drumheller) 

33[2] -14 (January)[2] 19 (July)[2] 

Winton 40[2] 16 (June, 

July)[2] 

30 (January, 

December)[2] 

Araripe 

(Fortaleza*) 

58[2] 26 (July) [2] 28 (October-

December, 

January)[2] 

Jehol 

(Shenyang) 

71 [2] -10 (January) 

[2] 

25 July) 

[2] 

 

1) The Weather Channel, 2010; 2)Weatherbase, 2010; 3)Oxford University School of  

Geography and the Environment, 2010; 4) Climate Temp, 2010  



has made some collectors fear loss of personally  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

important fossils if declared, but to alleviate this 

UH and the Stuttgart Natural History Museum 

(SNHM) compensate with replacement fossils 

alongside money. Museums and quarries provide 

good educational facilities. Displays are visually 

excellent at UH and accurate at both Holzmaden 

museums. School and university visits are common 

at UH. Paying collection provides practical 

education and inspires interest, but quarries lack in 

situ signage. UH holds collections, but the nearest 

research work is in Stuttgart, though UH and the 

SNHM work closely. The Schatzregal law is 

effective, and means all scientifically important 

finds go to science. It may reduce the number of 

finds coming to light by rendering fossil extraction 

unprofitable, but alongside the quarries there are 

annual digs and enough finds for years of work.  

Environment. Though commercial 

extraction continues, the amount of shale remaining 

is large and rate of extraction currently very low. 

Quarrying may temporarily reduce productive land 

and biodiversity, but form quarries are returned to 

use as agricultural land. Most visitors come by road, 

and though public transport exists it is impractical 

with a 1km steep walk from the bus stop (see Table 

6).  

 

Solnhofen 

The Solnhofen limestone is found north-west of 

Ingolstadt. The town of Eichstätt and village of 

Solnhofen are the most well-known settlements in 

the area, much of which is in the Altmühltal Nature  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Park (ANP). It is the site of discovery of 

Archaeopteryx and an Upper Jurassic  

Konservatlagerstätte (Bartell et al., 1990). The beds 

were tropical shallow lagoons in the Jurassic 

Tethys, with high salinity and hypoxia impeding 

putrefaction (Bartell et al., 1990). Previously used 

for lithography, today many quarries produce stone  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

for wall façades, floors and patios. Fossils found at 

quarries are often sold to private individuals and 

museums locally and globally. Many fossils are in 

museum collections and displays at the Jura 

Museum (JM) and Museum Bergér (MB) at 

Eichstätt and the Bürgermeister Müller Museum 

(BMM) at Solnhofen. A quarry at Mülheim (MQ) 

 

Figure 2. Mühlheim Quarry at Solnhofen. Tourists may pay to dig up fossils. All 

important finds are kept by the owners and sold to museums, with the Bavarian 

State Museums having first access and being given time to raise funds. The 

venture represents an effective cooperation between science and commercial 

collecting.   

Table 3. The socioeconomic situation of the case examples varies. Income is much lower and inequality higher in Brazil and China.  

 

 

 

 

Jurisdiction 

Gross Domestic 

Product/capita 

(GDP)/Gross 

Value Added 

(GVA) (€) 

 

GDP at 

Purchasing 

Power Parity  

(€) 

 

 

Human  

Development 

 Index, HDI [1] 

 

Corruption 

Perceptions 

Index, CPI 

[2] 

 

Gini 

Coefficient, 

Income 

Equality[1] 

 

 

Population 

Density 

(People/km2) 

 

 

Taxation 

(% of 

GDP) 

 

 

Unemplo

-yment 

(%) 

European Union 23,600[4] 23,600[4] 0.930 _ 31.0 111.7[13] 39.9[10] 8.9 

Germany 29,300[4] 27,300[4] 0.947 8.0 27.0 594.0[13] 40.6[11] 7.5 
Baden-

Württemberg 

_ 35,200[5] _ _  301[12]  5.5 

Bavaria _ 41,000 [5] _ _  177.3 [6]  4.25 
United Kingdom 27,400[4] 25,300[4] 0.947 7.7 34.0 659.6[13] 39.0[11] 7.6 

Dorset _ 24,200 5] _ _ _ 160 [14] _ _ 

Isle of Wight _ 29,100 [5] _ _ _ 334 [15] _ _ 

France 29,600[4] 25,300[4] 0.961 6.9 32.7 294.9[13] 46.1[11] 9.1 
Lot _ 24,200 [5]  _ _ 32[13]  9.3 [13] 

Canada 31,384[4] 27,869[4] 0.966 8.5-8.9 32.1 8.7[13] 33.4[11] 8.3 

Australia 30,402[4] 27,177[4] 0.970 8.7 30.5 7.6[13] 30.5[11] 5.6 

Brazil 5,335[4] 7,445[4] 0.813 3.7 56.7 58.9[13] 38.8[11] 8.1 

China 2,862 [13], 

1,893[4] 

5,111 [13], 

4,189[4] 

0.772 3.6 41.5 359.9[13] 17.0[11] 4.3 

Liaoning  3,896[13] 6,956[13] _ _ _ _  _ 

Hebei  2,783 [13] 4,970[13] _ _ _ _  _ 

Nei Menggu 4,249[13] 7,686[13] _ _ _ _  _ 
1) United Nations Development Programme 2009; 2)Transparency International 2009; 3)Bavarian Ministry for Economy, Infrastructure, Transport and Technology 2010; 

4)International Monetary Fund 2010; 5)Eurostat 2010; 6)Heritage Foundation 2010; 7)Regleg 2010; 8)United Nations Population Division 2008; 9)Government Office for the 

South West, Dorset, Bournemouth and Poole Brief, n.d.; 10)Demographia 2001; 11)Institut national de la statistique et des etudes économiques 2011 ; 12)Bavarian Ministry of 

Economy, Infrastructure, Transport and Technology and Bayern International GmbH 2007; 13)China Statistical Yearbook 2009 

 
 

 



(Fig.2) operates a business allowing tourist 

collection and selling to museums. Tourists can also 

collect and rent tools at the Blumenberg quarry 

(BQ) at Eichstätt and Hobbysteinbruch (HS) near 

Solnhofen. A fossil shop operates in both Eichstätt 

and Solnhofen, the former specializing in German 

fossils. 

Economy. The stone quarries continue to be 

profitable, and though the current recession has seen 

demand drop 30-40%, this is predicted to pick up. 

The main market is warmer countries as the stone is 

damaged by frost. Globalization has opened 

markets such as the Middle East and South-East 

Asia. Selling fossils found to dealers also provides 

income for stone quarry owners. Workers may 

receive bonuses for fossils, though these are 

inadequate to prevent some workers selling fossils 

found without permission. Many owners prohibit 

this with “spies” sent to detect sale. Quarrying only 

occurs in summer due to winter frost, and workers 

claim unemployment benefit in winter. Of the 

tourist quarries, only MQ sees a profit. BQ covers 

costs, and the HS is subsidized. MQ‟s main income 

is fossil preparation and sale to museums. Fossils 

found by tourists of exceptional value are kept in  

exchange for others. BQ is leased from the  

municipality by the Bergér family, with its benefit 

to the lessees being the diversion of collectors from 

their stone quarries. The HS is financed publically 

by the BMM. The fossil shops support their owners 

and families. More detailed finances are given in 

Table 5 for the museums, but the JM and BMM are 

reliant on public subsidy, and MB makes a loss, and 

is financed by a club membership fee and the 

owner‟s income. Though subsidized, visitors come 

to the area in part due to the museums, and 

interaction between fossil tourism and a strong 

wider tourist sector is mutually beneficial. Cycling, 

boating and hiking in the ANP draw most visitors, 

but some come for geology partly or exclusively, 

especially to Solnhofen itself, attracted by its name. 

Many local businesses sell fossil-themed products 

such as ammonite-patterned soap or cakes.  

Society. Social cohesion is good in the area 

as a whole, and locals are proud of their fossil 

heritage. Most fossil-related organizations and local 

residents are well disposed to each other, though 

there is tension between some collectors and the 

public museums. Relations can be tense between 

quarry workers and owners over fossils. Mistrust is 

potentially exacerbated by the Turkish origin of 

most quarry workers (most owners are German), 

though many workers speak good German and have  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

German children. Unemployment of quarry workers 

in winter may precipitate social ills associated 

therewith. Education is promoted via museums and 

tourist quarries. School visits to all museums and 

the tourist quarries are common. The JM employs 

an educator. It provides packs for teachers to use in 

lessons as timetable constraints impede visits by 

older classes.  

The JM hosts research (reliant on variable 

external funding), including annual excavations. 

The BMM does not host research in-house but 

cooperates with institutions in Germany and 

outside. Scientific access is controversial. 

Landowners have complete rights to fossils and the 

Christian Social Union (CSU) supports the current 

law as it upholds private property.  Loss to 

public/local institutions is bemoaned by some 

academics, with the sale of an Archaeopteryx to a 

private US museum an example. Many important 

fossils on private land reach public hands but often 

have to be purchased. The MQ gives the Bavarian 

State Collection first access to all important 

specimens and allows museums long periods to 

gather funding. Fossil shop owners do not object to 

Table 4. The legal situation regarding fossils at each of the case examples. 

Laws are strict in China, Brazil and Canada, and most liberal in Bavaria, 
France, England and Australia.  

Jurisdiction Legal regulation of fossils 

European Union Permit required for export over €50,000. 
Germany Depends on federal state (Bundesland) – see below. 

Baden-

Württemberg 

Schatzregal law - scientifically important fossils state 

property, but collectors reimbursed for expenses.  
Bavaria Full ownership rights to landowner. 

United Kingdom Full ownership rights to landowner in England and Wales 

except when designated Sight of Special Scientific Interest 
(SSSI) or Nature Reserve; former means landuse change may 

not jeapardise scientific importance and use. In Scotland 

important finds are state property.  
Dorset Same as England, “West Dorset Fossil Code” allowing 

resposnsible collecting enforced by National Trust and 
Charmouth Council.  

Isle of Wight Same as England. Fossil Code drawn up but not accepted 

widely. 

France Full ownership rights to landowner except on protected sites 
such as Réserves Naturelles Géologique. 

Canada All fossils Crown property and private ownership and sale 
prohibited apart form ammolite and amber. Maximum 

penalty 1 year incarceration and C$50,000 fine.  

Australia Full ownership rights to landowner, export worth over 
AU$50,000 requires permit – never refused for fossils to 

date. 

Brazil All fossils state property and private ownership and sale 
prohibited. Imprisonment, fines and deportation (if foreign) 

possible for breaches.  

China All fossils state property and private ownership and sale 

prohibited apart from Liaoning. Maximum penalty execution, 
but maximum deployed to date for fossils three years‟ 

incarceration.  

Liaoning Same as China, but ownership and internal sale of non-
tetrapod fossils allowed. 

 



sale of scientifically important specimens, though 

they very rarely engage in such a sale.  

Environment. Extraction at fossil quarries 

is much slower than at stone quarries, but stone 

quarrying is extensive, with estimates of only 

another 50-100 years of quarrying current stones. 

Though immediately detrimental, the long-term 

impact on biodiversity of quarrying is positive. 

When extraction ceases quarries are shallowly 

(~1m) backfilled and often designated Biotop 

reserves for their unique fauna. Demonstration that 

quarrying will not contaminate groundwater is a 

part of the application process for quarrying, as is 

producing plans for remediating the site after 

extraction ceases. Noise is a concern during active 

stone quarrying. Emissions from transport of 

visitors and geological products are a concern as 

quarried stone is transported by road, and access to 

some attractions is difficult by public transport 

(MB, MQ, HS, BQ). However stations are near both 

public museums, and walking (“Fossilien 

Wanderweg”) and cycling routes have been 

developed. 

 

Coastal localities 

The Jurassic Coast and Isle of Wight, England, 

United Kingdom 

 

An island country, many of the United Kingdom 

(UK)'s important sites are coastal. The Jurassic 

Coast (JC) and Isle of Wight (IoW) on England's 

south coast are popular tourist destinations. Both 

areas are relatively wealthy, and development is 

high and corruption low in the country as a whole 

(see Table 3). Both are under the same jurisdiction, 

with full property rights vested in the landowner 

(see Table 4), though landowner stances to fossil 

usage differ.  

 

Jurassic Coast 

The Dorset and East Devon Coast United Nations 

Education, Cultural and Scientific Organization 

(UNESCO) World Heritage Site (WHS) stretches 

along 155km of the coast of the counties of Devon 

and Dorset, from Orcombe Point near Exmouth in 

the former, to Old Harry Rocks near Swanage in the 

latter (United Nations Education Social and Cultural 

Organization, UNESCO, 2010). It contains Triassic, 

Jurassic and Cretaceous deposits and is famed for 

discovery of the first complete ichthyosaur fossil by 

amateur collector Mary Anning in 1811 (Emling, 

2009). The JC became a WHS in 2001 and a 

Heritage Centre at Charmouth (CHC) was 

constructed with lottery funding. There is a small 

museum at Lyme Regis (LRM) dating from before 

the WHS. There are many fossil shops and dealers 

in Lyme Regis and the wider area. Collection is 

carried out by tourists extensively in Dorset, where 

hundreds– often borrowing tools from the CHC – 

partake each year. On the West Dorset coast, owned 

by the National Trust (NT) and Charmouth council, 

commercial collection is allowed following a code 

of conduct with a recording scheme (Charmouth 

Heritage Coast Centre, 2010).  

Economy. Fossil selling is a major and 

profitable industry. Approximately “30 

people...[are] employed…including fossil shops and 

professional collectors” in Charmouth and Lyme 

Regis (Edmonds, p.c., 2010). The WHS authority 

and CHC is publically funded, but the CHC recoups 

much of its subsidy from income (see Table 5). The 

fossil-related attractions and other areas of tourism 

(e.g. seaside attractions, countryside) work to each 

other‟s benefit. The WHS status and brand has had 

great positive impact on the profile of the area 

(Jurassic Coast WHS, JCWHS, 2009). Coastal 

defences can, by reducing access to fossils, 

negatively impact fossil-related businesses. 

Preventing defences can also have negative 

economic impacts however via loss of property or 

infrastructure. WHS management seeks to minimize 

the impact of new defences. Maintaining/replacing 

old and creating small new defences often has little 

impact, and most towns are outside the WHS 

(JCWHS, 2010). When compromise is needed, 

WHS status has strengthened the case against 

defences (Edmonds, p.c., 2010). Planning 

restrictions on coastal development can prevent 

need for new defences (JCWHS, 2010).  

Society. Social cohesion is aided by a 

tradition of cooperation between landowners and 

private collectors. A „responsible collecting‟ concept 

spawned the West Dorset fossil code and recording 

scheme (Charmouth Heritage Coast Centre, 2010). 

Some scientists find collecting rules too lax 

however. Another potential tension is collectors‟ 

concern that an accident involving a tourist 

collector could precipitate prohibition of collecting, 

but WHS management does not envisage this. The 

LRM and CHC have educational displays, and the 

LRM runs guided excursions. Touristic collection, 

with tools and identification services provided by 

the CHC, is also educational. 

 



Business/Attraction 

Number of visitors if 
applicable/known 

Outgoings Income Balance 

Holzmaden  

Urweltmuseum Hauff 

35,000 visitors/a [Hauff, p.c., 
2010] 

Staff: Two full-time preparators, owner and wife, two shop 

staff, part-time staff guided tours and other events. 

Entrance fees, guided tour fees, and sales at café, shop and of prepared fossils. Visitor fees 

most important. 
 

Profitable/covers regular costs.  

Exhibition upkeep and change 

Building extensions Private donors and the state  

Steinbruch Kromer 

20,000 visitors/a 

[Kromer, p.c., 2010] 

Single employee Visitors paying to collect (~50%), decorative shale sales (~50%), sale of valuable fossils Profitable/covers regular costs.  
Machinery and upkeep 

Steinbruch Fischer Staffing, maintenance of museum and quarry Visitor entrance fees Non-profit: voluntary.  
Solnhofen  

Juramuseum Eichstätt 

60,000 visitors/a 

[Koelbl-Ebert, p.c., 2010] 

Staff (9): scientist (director), secretary,  preparator, 

technician for aquaria, graphic designer, part-time 

educationist, cleaner, security officer, receptionist 

Bavarian State Collection for Natural History (Staatsammlung für Naturkunde), the Bavarian 

Ministry of Finance, and the Bishop‟s Seminary at Eichstaett (outlay reimbursed by museum 

from entrance fees and shop) 

Publicly subsidized, though covers 

some costs.  

Upkeep of and new exhibitions, upkeep of aquaria, research, 

publicity, stationary, line rental 

€30 annual grant from Bavarian State Collection for Natural History 

Research No regular funding, but currently two year grant from Volkswagen Stiftung 

Museum Bergér 

10-15,000 visitors/a, >25,000 

in 1st decade[2] 

Maintenance, one cashier Selling (primary income) and preparation of fossils, entrance fees, membership fees of 

museum club, owners‟ secondary incomes (jeweler, formerly farming), €250 municipal 

donation on 20th anniversary 

Privately subsidized.  

Blumenberg quarry 

25-30,000 visitors/a[1] 

Rent, one full- and three part-time staff, shop and quarry 

maintenance 

Entrance fees, renting of tools, sales at shop (refreshments) Covers costs.  

Information placards  European Union grant 

Bürgermeister Müller 

Museum Solnhofen 

30,000 visitors/a 
[Roeper, p.c., 2010] 

Museum maintenance, one full-time staff member, 12 part-

time staff with hours varying 

Annually €100,000 from entrance fees, shop sales and tours, €100,000 from municipality Publicly subsidized.  

Mühlheim Quarry 

[Krautworst Naturstein, p.c., 
2010] 

Quarry maintenance, five part-time staff, visiting experts 

from main company 

Sale of fossils (primarily to museums), entrance fees, universities paying for excavation 

permission 

Profitable.  

Bergér Naturstein as example 

of commercial quarry 
[Bergér, pers. com., 2010] 

Staff: 15 in factory and 30-35 in quarry, quarry 

maintenance, machinery purchase and maintenance 

Sale of stone (France, Belgium and Netherlands primarily – differs in other quarries) Profitable. 

Fossil shops in Solnhofen 

(Thoma) and Eichstätt 
(Warmuth) 

[Thoma, p.c., 2010] [Warmuth, 

p.c., 2010] 

Main income for owner and family, buying of fossils Fossil sales, mostly to tourists but also collectors Profitable/cover regular costs.  

Jurassic Coast  

Charmouth Heritage Centre 

[Edmonds, R. p.c. 2010] 

Building 

 

Heritage Lottery Fund  Publicly subsidized, though covers 

¾ of costs. 
Staffing and maintenance West Dorset County Council (taxation), 75% recouped from walks, talks, sales etc.  

Fossil shops and professional 

collectors [Edmonds, p.c., 

2010] 

Time (>30 people employed), premises >£500,000/a among all  Profitable/cover costs, though 

many work part or full time in 

other occupations.  

Isle of Wight  

Dinosaur Isle Museum Building - £2.7 million [DIM, 2010] ½ from Millennium Commission grant [DIM, 2010] Publicly subsidized. 
 

Staffing, maintenance, promotion - £389,513 (2009-10) 

[Pusey, p.c., 2010] 

Entrance fees, shop sales, tours - £423,503 (2009-10) [Pusey, p.c., 2010] Profitable 

Dinosaur Farm Museum _ _ Was profitable.  

 

Crayssac quarry  

Visitor centre Purchase of site. 
 

 

 Commune funded [Couderc, J.M., p.c., 2010].  No income as yet and all publicly 
subsidized, though museum will 

draw some revenue.   

Table 5. Financial expenditures and incomes of fossil-related attractions and businesses at the case study localities. Visitor and staff numbers are given. Information was not available or was limited for 

several attractions and case studies. Data sources are indicated in square brackets. When all sources for an attraction/business are the same, the brackets are placed in the leftmost column.  

 



Building (€800,000) [Couderc, J.M., p.c., 2010]. 

 

~1/2 French State and European Union. 

~1/2 Communauté des Communes de Catus, Communauté des Communes du Grand Cahors, 
the Conseil Général du Département du Lot, the Conseil Régional Midi-Pyrénées (all 

taxation), and  local businesses including Banque Populaire Occitane, Boisson Dumas, 

Vilmorin et Associés, André Trigano Vacances. [Couderc, J.M., p.c., 2010] 
Electricity and solar roofing maintenance [Couderc, J.M., 

p.c., 2010] 

Paid for by Électricité de France (EDF) for 20 years in exchange for electricity. [Couderc, 

J.M., p.c., 2010] 

Staffing (year round) [Couderc, J.M., p.c., 2010] Uncertain currently [Couderc, J.M., p.c., 2010] 

Research digs 

[Couderc, J.M., p.c., 2010]. 

Equipment, food and accommodation Paléoaquitania, Universities of Lyon 1 and Poitiers (French state). Student volunteers  Publicly subsidized, no income. 

Sables Mangieu as example of 
commercial quarry 

 [Sables Mangieu, p.c., 2010]. 

Quarry maintenance, machinery, 38 employees. Three 
quarries – one at Crayssac 

Sales of gravel and sand, local and national. No export. Profitable.  

Ardley quarry  

Oxfordshire Museum 

66,069 visitors for museum 

and 93,690 for information 
centre in 2009-10 [Gray, C., 

p.c., 2010] 

Museum running: primarily staffing, but also building 

maintenance 

£142,000 from local council, shop and café sales, hiring out of exhibition spaces and lecture 

areas, interactive donations boxes bringing around £400/month 

 

Publicly subsidized, though covers 

some costs.  

Staffing 
Exhibitions Largely funded by Friends of the Museum 

Dinosaur Garden exhibition £231,672 from Viridor Waste Management via Landfill Tax Credit scheme  

Dinosaur Provincial Park  

Park and Visitors Centre 

~100,000 visitors/a[5] 
~10  permanent staff, 30 further staff during high season 
[Tucker, p.c., 2010]. Maintenance. 

C$600,000, with the majority of this a government grant [Landals, 2009]. ~25% recouped by 
programmes, campsite, giftshop sales, concession sales [Tucker, p.c., 2010].  

Publicly subsidized.  

Royal Tyrrell Museum 

340,000 visitors 2003-4 , 
Tyrrell Field Station 12,000 

visitors/a [Hagan-Braun 2008] 

5-11 staff, maintenance [Landals, 2009], C$5 million in 

operations in 2003 [Alberta Community Development 2006] 
C$33 million cumulative economic impact in 2003, with C$10.2 in tax revenues, C$15.3 

million visitor spending on accommodation, food and other trip-related activities, C$22.8 

tourism economic impact, 500 new full-time jobs created in 2003-4 [Alberta Community 

Development 2006] 

Publicly subsidized, but larger-

than-subsidy positive economc 
impacts.  Museum building C$27.5 million [Alberta Community 

Development 2006]. 

Excavation Staff, materials. Funded by Royal Tyrrell Museum [Tucker, p.c., 2010].  Publicly subsidized.  
Winton  

Australian Age of Dinosaurs 

Museum 

12,000 visitors in 1st 

year[Bassam,B.,p.c.,2010] 

Museum site  Private donation Covers regular costs. 

One-off outlays. Private funding from businesses and individuals. Largest single donor national government 

with AU$1 million grant. . [AAD, 2010] 

“Operation money”: Buildings maintenance. 11 full-time 

staff, including owner and wife (AAD, 2010), preparators, 

tourguides, shop assistant, chief of operations and 
palaeontologist.  

 

Visitors, shop sales, paying-to-dig scheme. Three-year government grants fund two staff 

members.[Bassam, B., p.c., 2010] 

 

Palaeontological excavation  “Operational money” from AAD, grants from Queensland Museum (QM), Australian 
Geographic and private philanthropy [Hocknull et al., 2009]. The QM will fund AAD to 

employ a preparator [Bassam, B., p.c., 2010]. The QM is publicly subsidized, but corporate 

and individual donations are important [QM, 2010]. 
 

Publicly and privately subsidized.  

Jehol  

Beipiao Museum Full time guards State, specifically IVPP budget[4] Publicly subsidized. 

Constructions State [4] 

Chaoyang Fossil Bird 

Reserve 

40 guards [3] State [4] Publicly subsidized. 

Fossil shops _ _ Profitable.  

Palaeontological work _ _ Publicly subsidized. 

Araripe  

Museu de Paleontologia, 

Santana do Cariri 

[Geopark Ararpe 2009] 

Staff, running State Publicly subsidized. 

Restoration project State grant of R$700,000 (~400,000 US$) 



The site was central to the development of 

geological science (Emling, 2009), but today in situ 

work is infrequent, partly due to budget reduction 

over 30 years. The WHS part-funds some research, 

especially which “inform[s] management” 

(Edmonds, p.c., 2010). The fossil code‟s adequacy 

in protecting science and the adequacy of 

enforcement of prohibition of in situ collection is 

challenged by some scientists. However, the code 

does stipulate that rarer finds should be recorded, 

and scientifically important finds must be offered to 

UK museums for six months. A collector in frequent 

and continued contravention was prosecuted by the 

NT with WHS legal and financial help. The code 

does not apply beyond West Dorset, though 

collection is often more restricted historically by 

landowners in other areas. Despite supervision in 

high season, some fear negative impact on science 

due to the large numbers of tourists collecting. For 

both scientific and educational access coastal 

defences are a concern (see above). 

Environment. The fossil resource is 

nonrenewable, but the fossil code promotes usage 

no faster than erosion, which naturally depletes the 

resource. Impacts on biodiversity are negligible 

except perhaps via touristic disturbance. Most 

visitors come by car, but there is a well promoted, 

well routed and frequent bus service connecting the 

coast, in turn connecting to the national rail network 

(JCWHS, 2010, JCWHS, 2009). Walking and 

cycling is also promoted (JCWHS, 2009).  

 

Isle of Wight 

The Isle of Wight is an island and an English county 

off Hampshire‟s coast. It is Europe's most important 

dinosaur locality. Cretaceous deposits are found in 

the south and Palaeogene in the north (Munt, 2001).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dinosaurs found include Iguanodon (the 

commonest), the theropod Neovenator, and 

sauropods (Dinosaur Farm  

Museum, DFM, 2010). There is one museum, and 

were until recently two. In 2001 the large and 

modern Dinosaur Isle museum (DIM) (Fig.3) 

replaced the Museum of Isle of Wight Geology at 

Sandown (SM). Dinosaur Farm museum (DFM) 

dated from 1993 and was established after 

discovery of the island‟s most complete 

Brachiosaurus remains at the farm site, which it 

displayed (BBC Hampshire, 2005). It has now 

closed for personal reasons (DFM, 2010). There are 

two shops selling geological items, one exclusively 

(Island Gems, IG), and some local private 

collectors. Laws are the same as in all England and 

a collecting code has not been widely accepted.  

Economy. DIM‟s building was lottery 

funded, but revenue covers all running costs and 

generates some profit (Table 5). Income is from 

entrance fees, shop and excursions. DFM did not 

compete with DIM and continued to be 

economically successful and the former manager 

hopes to open a similar business elsewhere (DFM, 

2010). The fossil trade generates some income, 

though fewer than five individuals collect 

commercially. IG and fossil tours run therefrom 

continue to yield income for the owner (the former 

manager of DFM) (DFM, 2010). Though coastal 

defences do reduce erosion and thus fossil 

availability, these have less negative impact 

economically than on the JC as the fossil trade is 

smaller and touristic collection less extensive. 

Though potentially beneficial in branding, 

characteristics of the IoW make it unlikely to 

achieve WHS status (Munt, p.c., 2010). There have 

been moves to create a UNESCO Geopark but these 

have stalled due to lack of committed staff in the 

local authority and relocation or retirement of key 

supporters, and concerns that stipulations on 

collection are too stringent in Geoparks and could 

limit trade. 

Society. Social cohesion has been a concern, 

with lack of communication especially between 

amateur collectors with “a less clear understanding 

of the fossil market” and museum staff (Munt, p.c., 

2010). A standoff between collectors and museum 

staff after alleged theft of an Iguanodon footprint 

attracted national coverage (Simpson, 2001). There 

is also a “tendency to fail to obtain landowners‟ 

permission” to collect (Munt, p.c., 2010). However, 

DIM and its predecessor have often worked well 
 

Figure 3. The Dinosaur Isle Museum building, Isle of Wight, inspired by a 

pterosaur. The museum is profitable, though buildings were Lottery 

subsidized. Excursions are run and access is good.  



with local collectors, with fossils donated and 

purchased. Education is promoted by both 

museums. DIM has large appealing display areas 

with models and animatronics, a working 

preparation lab, and many fossils. This is a 

pedagogical improvement upon the SM, housed in 

cramped conditions above Sandown library. Most of 

DIM‟s visitors are families and young people. DFM 

displays fossils and some models. Both museums 

carry out guided excursions. A dig at Dinosaur Farm 

was broadcast live nationally in 2001 (BBC 

Hampshire, 2005). Material housed on the IoW is of 

continued scientific importance, including the 

collection at DIM. Excavations are infrequent on 

the island, with most material eroded naturally and 

collected by non-scientists. No research is hosted by 

the museums, but researchers visit. Touristic 

collection is mostly restricted to museum 

excursions, restricting amateur damage to material. 

With loss to commercial collectors a concern for 

scientists, there was an attempt to introduce a 

voluntary Isle of Wight code, published by SM in 

1995 (Munt, 2001). Though endorsed by Natural 

England (then English Nature), and others it has not 

been widely adopted, due to lack of communication. 

Coastal defences are a serious concern for science, 

though not normally economically viable for 

agricultural land.  

Environment. As an island, the fossil 

resource is smaller than some mainland sites, but 

over 500 years of usage at current rates are 

estimated. With no code accepted, in situ (i.e. faster 

than erosion) collection continues. Habitat loss is 

minimal, with building of the museum leading only 

to very local damage. Public transport is reasonable, 

with access to DIM by rail and bus (though not 

DFM when it was open, except by bicycle), but 

most visitors come by car.   

 

Quarry trackway sites 

Ardley quarry, Oxfordshire, United Kingdom and 

Crayssac Plage aux Ptérosaures, Lot, France 

 

Ardley in the UK and Crayssac in France host some 

of the most spectacular ichnofossils found recently 

in Europe, with Crayssac of particular scientific 

importance. Income (especially in Oxfordshire) and 

development are high and corruption low (see Table 

3). Both areas are rural, but population density is 

much higher in Oxfordshire (see Table 3), part of 

the reason for the sites‟ differing fates (see below). 

Both sites are temperate, but the climate at Crayssac 

is warmer (see Table 2).  

 

Ardley quarry 

Ardley quarry, near the village of Ardley in 

Oxfordshire in Southern England, was, in 1997, the 

site of the discovery of the longest dinosaur 

trackway found in England (Powell, 2010, Natural 

England, 2010). The tracks are from Megalosaurus 

and Cetiosaurus (Powell, 2010) and date from the 

Middle Jurassic (Bathonian) (Day et al., 2004), 

when the area was tidal mudflats bordering a low 

energy lagoon (Natural England, 2010). The tracks 

run North-Northeast and show two different 

Cetiosaurus individuals and a single Megalosaurus 

which breaks into a run at one point (Powell, 2010). 

The site was a stone quarry and quarrying continues 

in one area, but the discovery area itself had been 

leased to Viridor Waste Management for landfill, 

and the tracks are covered by a protective sheet and 

waste. Two sets of Megalosaurus tracks were 

removed for preservation. The first set was lost to 

weathering, but the second is housed in an outdoor 

(the tracks are covered) Dinosaur Garden at the 

County Museum (CM) at Woodstock. An indoor 

dinosaur gallery has recently been opened. Casts are 

displayed on the Oxford University Museum of 

Natural History (OUM) front lawn. The Ardley site 

was designated a Site of Special Scientific Interest 

(SSSI) in January 2010 (Natural England, 2010).  

Economy. The site is economically 

important for landfill, and it was judged that halting 

of landfill due to the tracks would have been too 

expensive, especially as Viridor would have 

required compensation for contract breach. There is 

significant interest and support locally for a 

permanent onsite visitor centre, but funding of 

building and maintenance is infeasible. Print 

movement and Dinosaur Garden creation was 

facilitated by the Landfill Tax Credit Scheme (now 

Landfill Communities Fund), meaning neither 

Viridor nor the museum was financially affected.  

The CM and OUM are publically subsidized, but 

both have shops, and the CM generates revenue 

from a café and renting rooms for talks. The 

Dinosaur Garden has been very popular, and the 

shop sees sale of many dinosaur-related items, 

prompting development of the indoor gallery.  

Society. Socially there has been generally 

good cohesion between actors. However scientists 

were not consulted on removal of the first set of 

tracks, precipitating their loss. Educationally the 

displays at the CM and OUM are positive and both 



are prominent and popular. The Dinosaur Garden 

features a Megalosaurus reconstruction, educational 

signage, and appropriate planting including ginkgos 

and horsetails, though the potential predator-prey 

interaction is not made clear. The Oxford display 

has limited signage. An in situ display might have 

generated pride, though print location at Woodstock 

may mean more see the displays. Scientifically 

useful data were extracted from the trackway prior 

to it being covered. Scientific access to the buried 

tracks is impossible, but this is thus only 

problematic if new techniques are developed or 

important finds lay beneath them. However lack of 

palaeontological consultation on initial extraction of 

footprints meant some of the best tracks were lost to 

weathering. SSSI designation means that access to 

further significant tracks found must be maintained, 

and palaeontologists at the OUM were recently 

given permission to dig and inspect trenches at the 

working quarry. 

Environment. Quarrying at the site is the 

only extractive use. Impact of landfill on 

biodiversity and the surrounding environment can 

be negative (de Lapuente et al., 2008). After 

settling, the site can be used for all purposes, though 

assessment of completion of settling is difficult and 

misassessment can cause structural damage (Ling et 

al., 1998). Development of an incinerator is 

proposed and though perhaps environmentally 

preferable (Papageorgiou et al., 2009) it is opposed 

by local residents on grounds of air pollution and 

noise from vehicles (Ardley Against Incinerator, 

2010). Though Ardley itself is only accessible by 

road there is good public transport to the museums 

at Oxford and Woodstock (Table 6).  

 

Crayssac Plage aux Ptérosaures 

The Crayssac Plage aux Ptérosaures (“Pterosaur 

Beach”) site is located at a quarry near the village of 

Crayssac. It is the site of discovery of the first 

undisputed pterosaur trackways and dates from the 

lower Tithonian of the Upper Jurassic (AGDS3P, 

Association de Gestion et de Développement du 

Site Paléontologique de la Plage aux Ptérosaures, 

2005a). Fossil layers go down 1.2m, and each mm 

represents another tide. The Crayssac limestones are 

quarried for sand and gravel. The beach is a former 

working quarry owned until 2002 by Crayssina, 

whose director discovered, reported, and allowed 

excavation of the tracks. Night digs - -to avoid heat 

and better see fossils- were carried out from 1993-

2001 by Paléoaquitania, an association founded by 

Jean-Michel Mazin (then of Poitiers University). 

These stopped as frost damage occurred and 

funding for a permanent covering could not be 

secured despite requests to councillors since 1996. 

The site was bought in 2002 by the communauté des 

communes (first of Catus, then transferred to 

Cahors) after a new mayor was appointed. The 

AGDS3P was formed, aiming to create a museum 

and visitor centre, and facilitate access by the public 

and researchers. In 2002-3 AGDS3P organized 

guided visits and in 2004-2005 excavations. 

Funding for the museum was secured over 10 years, 

and planning permission was granted in 2006. 

Construction is underway, finishing at earliest late 

2010. Digs and visits have thus currently ceased. 

The area is also now a Réserve Naturelle 

Géologique (Geological Nature Reserve).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 6. Summary of access and transport at the case example sites. Some are far 

more remote and less well-served by public transport than others, affecting access to 

education, opportunities for economic activity, and transport emissions 

Site Access 

Holzmaden Good road access: >90 % of visitors by car [Hauff, Kromer, 
p.c., 2010]. Buses to within 1 km. From Stuttgart 1 hr S-Bahn 

train journey first. Cycling possible but hilly. 

Solnhofen Roads are good, but access may restrict visits to some 

attractions by those without cars. One can access the Jura and 

Bürgermeister-Müller Mueum from the railway. Museum 
Bergér/Blumenberg quarry can be accessed by a steep multi-

kilometre walk/cycle or a very irregular bus service from 

Eichstätt, and Mühlheim quarry is only accessible by car or 
bicycle with a steep climb from Solnhofen. 

Jurassic Coast Most come by car, but a frequent CoastLinx bus connects most 

sites and links to the rail network, and private minibuses and 
cycle paths are developed [JCWHS, 2010]. 

Isle of Wight Access by train and bus is possible to Dinosaur Isle alongside 
easy car and also cycle access [Dinosaur Isle, DI, 2010], but 

Dinosaur Farm and most beaches require a car or bicycle. 

Disabled access is good at Dinosaur Isle [Dinosaur Isle, DI, 
2010]. 

Ardley Ardley itself is only accessible by road with no bus to site. 

Station at Oxford within walking distance of museum 

[http://maps.google.com/]. Relatively frequent buses to 

Woodstock from Oxford (Oxfordshire County Council, 2010). 

Good road access to all areas [http://maps.google.com/]. 

Crayssac Regular train to Cahors – 15km/20min drive distant 
[http://maps.google.com/]. No public transport to site [Conseil 

Général du Lot, 2010] , but good road access [Couderc, J.M., 

p.c., 2010] 

Dinosaur 

Provincial 

Park 

Road access by car is good, though seasonably variable [Royal 

Tyrrell Museum, 2010] There is no bus service [GoA, 2010] 

[RTM, 2010]. Rail access to Calgary (138km from DPP) is 
possible but is a luxury route and accordingly very expensive 

[Rocky Mountaineer, 2010]. Edmonton (280km from DPP) is 

the nearest non-luxury stop [Via Rail Canada, 2010].  

Winton All access is by private vehicle. Buses operate only as far as 
Longreach (177km away) [Bassam, p.c., 2010]. Many visitor s 

are travelling long distances in campervans [Bassam, p.c., 

2010][Onyx et al. 2006].  

Jehol Car or bus is the only transport possibility to most of the 

attractions, including the Sihetun museum [Witton, p.c., 2010]. 
Rail and long distance buses connect to Chaoyang [Travel 

China Guide, ND].  

Araripe Access by road only, with a 7hr drive from Fortaleza 
[http://maps.google.com/]. Road to Museu de Paleontologia at 

Santana do Cariri being resurfaced [Geopark Araripe, 2009]. 

 



Economy. Most quarrying is for the local 

and national market  and is profitable. It employs 

some 30 people per quarry (Sables Mangieu, 2010). 

There have been no direct financial returns from the 

site post-quarrying, but the museum development 

has generated work for locals in construction, and 

its architects are based in the neighbouring 

département (Dordogne). Employment too has been 

limited to construction and architecture, but when 

constructed, the museum will employ at least one 

person. Scientific and educational work has been 

essentially subsidized publicly (mostly university 

funds), and the purchase of the site for the 

commune was funded by the commune itself (see 

Table 5). The museum is largely funded by France 

and the EU, though in exchange for installing solar 

panels in the roofing, Électricité de France is 

funding the museum‟s electricity for 20 years. 

Wider economic impacts have so far been small, 

though visitors and diggers may have frequented 

some local businesses. The museum should attract 

visitors to the area however.  

Society. Social cohesion is good, though 

there were stumbling blocks. Events at the site have 

hinged on the commitment of motivated 

individuals. Crayssina‟s director‟s cooperation and 

interest in palaeontology led to identification and 

excavation of the site. Lack of interest from the 

mayorship stalled any museum construction for 

years, and only a change of mayor precipitated 

support. The personal commitment of the leading 

scientist and the deputy mayor underlay all 

excavations and the museum project.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The educational potential of the site has been well 

exploited, with free tours during digs, including 

viewing the tracks, working dig, and videos about 

the site. These have been limited to a few weeks in 

summer but the museum, which will be open all 

year, will expand educational opportunities. The site 

has also featured on national and foreign television, 

and films about it won three scientific film awards 

(AGDS3P, 2005a). Alongside digs and guided 

visits, several conferences, paleontological stays for 

young people, and events for European and national 

science and heritage days have been undertaken 

(AGDS3P, 2005b). Though these have also paused 

due to construction, the museum should enhance 

pedagogic potential. The site is of great scientific 

importance, and the most important trackways 

remain in situ. Digs occurred annually, though put 

on hold, and several international scientific 

conferences have taken place. The museum should 

facilitate scientific work, as finds will be protected 

from weathering and digs can occur during daylight 

inside the building with night conditions simulated, 

and the building is built to be able to be expanded 

as new sections are uncovered. Crayssina‟s 

cooperation has meant access to the material has 

been unproblematic, and designation as a Reserve 

Naturelle Géologique means the site is protected 

against development. However, tracks have been 

found in neighbouring quarries but due to concern 

they will be prevented from quarrying, the owners 

do not permit digs, though they have allowed 

surveys. Fossils in these quarries are rarely 

knowingly found and would be kept personally if 

discovered and scientists unlikely to be contacted.  

Environment. Quarrying is not indefinitely 

sustainable, but at the site itself no extractive use 

occurs. Designation of the site as a reserve should 

protect its biodiversity, though within the museum 

itself biodiversity will be reduced. Lack of public 

transport (Table 6) means visitor emissions are a 

concern. The photovoltaic panels on the roof of the 

museum will minimize emissions from the site‟s 

electricity, though these would be low irrespectively 

as local power is largely nuclear (Butler, 2010).  

 

Non-European sites 
 

Four sites outside Europe are investigated. Two are 

from high income, or developed countries – Canada 

and Australia – and two are from middle income, 

developing, countries – Brazil and China. Canada 

 

Figure 4. The visitor centre under construction at Crayssac will 

allow night-light viewing of pterosaur tracks by day and be 

powered by solar panels provided by an electricity company.  



and Australia both have large areas with low 

population, and the sites are remote by European 

standards. Brazil and China are, with low labour 

costs and spectacular fossils, the source of much 

fossil material traded internationally.  

 

High income countries 

Dinosaur Provincial Park (Canada) and Winton 

(Australia) 

 

Dinosaur Provincial Park (DPP) is one of the richest 

North American localities and Winton one of the 

richest in remains in Australia, though Australia is 

relatively depauperate in vertebrate fossils. Both 

have been developed for tourism, but whilst only 

beginning at Winton, tourism is well established at 

DPP, and the site is a WHS. Winton and DPP have 

very different climates: though both are arid, DPP is 

snowbound in winter, whereas Winton is warm all 

year, especially summer (see Table 2). Both areas 

have very high human development levels, low 

corruption, high per capita income, and low 

population density (see Table 3). 

 
Dinosaur Provincial Park 

The Dinosaur Provincial Park (DPP) WHS, some 

2.5 hours east of Calgary, Alberta (Government of 

Alberta, GoA, 2010), is one of the most important 

dinosaur sites globally, with over 40 species of 

dinosaur, and more than 450 other fossil species 

discovered (GoA, 2010). Its three formations 

(Bearpaw, Dinosaur Park and Oldman - all part of 

the Judith River group) are Campanian (Upper 

Cretaceous) (Dodson, 1971). There is a visitor 

centre and campsite – with shower, laundry, and 

shops in summer - and guided excursions cater for 

different groups, alongside self-guided trails (GoA, 

2010). The nearby Royal Tyrrell Museum (RTM) at 

Drumheller displays local and global material, and 

is scientifically and economically important 

(Landals, 2009). All Albertan fossils are Crown 

property apart from ammolite and amber. Loose 

fossils may be removed with landowner permission 

but must be declared immediately (RTM, 2010).  

Economy. Details of funding and 

employment are given in Table 5. DPP and the RTM 

receive state subsidies but recoup much of their 

costs. Several people are employed directly, 

especially in summer. The RTM employs similar 

numbers which are more constant throughout the 

year. Well-enforced restrictive laws on fossil 

ownership make sale of local fossils nonviable 

economically, though foreign fossils are sold at the 

RTM (RTM, 2010). DPP and the RTM have 

significant positive impacts on the wider economy. 

The RTM alone is estimated at generating C$33 

million both from operations and its impact on the 

wider economy, with 500 full-time jobs supported – 

far more than in the museum itself (Alberta 

Community Development, ACD, 2006). Over 90% 

of visitors are non-local, and the majority non-

Albertan (ACD, 2006), with people attracted from 

Europe and the West and East US coasts.  

Society. Community cohesion and support is 

good. There are relatively few residents in the 

vicinity of DPP, but disposition of those present 

(mostly ranchers) is positive. Restriction on 

collection has not provoked resentment, perhaps 

due to the positive economic impact of DPP and the 

RTM, other economic opportunities, and education 

about the scientific worth of fossils to visitors. 

Educational facilities are excellent. The visitor 

centre provides information year-round and in 

summer numerous guided excursions are conducted 

to cater for different age groups and interests, 

alongside self-guided trails (GoA, 2010). The RTM 

also provides excellent year-round education, with 

tours and talks alongside displays (RTM, 2010). 

The site is of continued scientific importance. Digs 

are carried out every year financed by the RTM. 

The facilities at the RTM are excellent and nearly 

all finds are housed there. Two permits (one via the 

Historic Resources Act and the other the Provincial 

Park system) are needed for excavation. Institutions 

digging are primarily Canadian, and all finds are 

owned by the RTM, but international cooperation is 

strong and granting of access to material by foreign 

institutions straightforward. Outside the park, 

developers impacting bedrock may have to 

undertake a paleontological assessment and/or 

monitoring if valuable resources will be affected 

(Hyusick and Spivak, 2009). ArcGIS mapping and 

computer databases allow a Listing of Historical 

Resources for all Alberta, allowing developers to 

know likely requirements beforehand, and 

palaeontological excavation permits to be 

monitored and regulated (Hyusick and Spivak, 

2009). With collecting strictly limited to 

professionals, low collecting effort and the harsh 

continental climate may lead to loss of some 

remains to science. However, staff prospect in 

spring for the most scientifically important finds, 

and removing one layer hastens erosion below, so 

for less important finds only failure to collect loose 



material is damaging for science. Some illegal 

excavation occurs (Landals, 2009), with some 

fossils thus lost to science, but is not common. 

There is high detection likelihood due to 

surveillance in cooperation with neighbouring 

ranchers thanks to good social cohesion (see 

below). The park (especially boundaries) is ranger-

patrolled and suspicious activity reported. Vehicular 

access to borders is limited, the registration of all 

vehicles recorded, and if possible dig sites placed in 

remote areas for vigilance (Landals, 2009). 

Prosecutions have occurred. The maximum 

sentence possible is one year‟s incarceration and a 

C$50,000 fine. Casual “pilfering” by tourists is 

common but not severe enough to endanger science, 

due to limited access to many areas, and education 

(Landals, 2009).  

Environment. Extractive use of fossils at 

the site is effectively limited to scientific 

investigation, and no economic activity relies on 

geological resource depletion. The large number of 

visitors cause erosion, which is very apparent in the 

unrestricted “facilities” area of DPP, but most 

important fossils here have been removed (Landals, 

2009). Smoke from campfires was a concern until 

the campsite began charging for firewood (Landals, 

2009). Transport GHGs are a concern as access is 

by road, and due to the site‟s fame and Canada‟s 

low population density, flights may be necessary for 

many visitors. Only road access is possible, no bus 

services run, and rail access even to nearby towns is 

impractical (Table 6).  

 

Winton 

Winton, in Western Queensland 177 km northwest 

of Longreach, is the site of discovery of some of the 

most spectacular Australian dinosaurs. The late 

Albian-Cenomanian (Cretaceous) Winton 

Formation is the uppermost formation of the 

Eromanga Basin (Burger, 1986, Senior et al., 1978). 

A low energy (Matilda) and high energy (Triangle 

Paddock) site yielded five sauropods (three awaiting 

desciption) and an allosauroid (Australian Age of 

Dinosaurs, AAD, 2010). A palaeotourism initiative 

is currently under development by the locally-

founded Australian Age of Dinosaurs inc. centring 

around the creation of a private museum and 

opportunities for people to pay to excavate 

dinosaurs (“paying volunteers”) during annual digs, 

with paying to prepare soon possible. Collection of 

fossils in Australia must have permission of the 

landowner. On public land this means a permit – 

increasingly difficult to obtain for individuals, 

though not researchers. Under Queensland's 1994 

Fossicking Act, collecting some minerals and non-

vertebrate fossils („fossicking‟) is allowed on public 

land with a fossicking license (Douglas, 1999). 

Export from Australia would require a permit but 

this has never been refused for fossils (Government 

of Australia: Dpt. of Environment, Water, Heritage 

and the Arts, 2008).   

Economy. The museum project has relied on 

both private and public funding for its creation (see 

Table 5), but currently meets its regular costs 

through income. Initially part-funded by sales of a 

journal, donation of the site by a grazier was a 

“milestone” instrumental in attracting public 

funding (Bassam, p.c., 2010). Most of the museum‟s 

running costs are covered by revenue, though a 

grant supports two staff (see Table 5). With 12,000 

visitors in the first year, promotion has been 

effective by word of mouth, brochures, and 

television - the last being very successful. 

Excavations have been part-funded by AAD and by 

museum and private grants (see Table 5), and 

Queensland Museum funding will allow 

employment of a preparator. Current wider impacts 

of the museum are modest as it has just opened. 

Paying volunteers have been accommodated and fed 

on site, but growth in the number of people paying 

to prepare remains in particular is envisaged relying 

on other local businesses to provide 

accommodation, food and transport.  

Society. Social cohesion is excellent. The 

AAD project has been overwhelmingly supported 

by residents as being of recreational and intellectual 

interest as well as generating income, and only a 

very few are ill-disposed. Locals willingly place 

promotional material on their property. Both the 

museum and paying volunteer schemes provide 

education. The museum displays are currently 

limited but will display finds in a scientifically 

accurate manner and provide comprehensive 

education programmes (AAD, 2010). Paying 

volunteer schemes provide practical education 

about palaeontological techniques, and the 

possibility of new and spectacular finds make 

volunteering potentially very rewarding. The 

schemes are however limited to those with 

sufficient time and money – mostly retired people. 

Winton is a very important site for Australian 

palaeontology. Scientists are present at the yearly 

digs. Discovery rate has been fast, and accelerated 

by long hours and the volunteer scheme. The AAD 



can use fossils on their land as wished, but are 

evidently committed to science and education 

(AAD, 2010). Illegal excavation is not a threat to 

science at the site as Winton is close-knit and crime 

low: people routinely leave doors unlocked. 

Tourism could change this, but cooperation with 

neighbouring landowners is good, aiding 

surveillance, and remains are large and sites 

inaccessible, impeding casual pilfering. Weathering 

is not a concern and remains are protected by black 

soil. 

Environment. Excavation is carefully 

controlled, being limited to one month per year due 

to heat, with digs continually backfilled to prevent 

mud formation. Environmental best practices in 

building and siting have been and will be followed 

(AAD, 2010). Only the museum building itself has 

led to any habitat loss, though tourism could 

precipitate some pollution and disturbance. Local 

biodiversity is being monitored as part of the 

development, and is deemed important for tourism 

(AAD, 2010). Transport GHGs are a concern. All 

access is by private vehicle, with many visitors 

arriving via campervan (Table 6).  

 
Middle income countries 

Jehol (China) and Araripe (Brazil) 

 

Jehol in China and the Araripe Basin in Brazil are 

two of the world‟s most important palaeontological 

sites for science. Both are inland Cretaceous 

limestone Konservatlagerstätten. The local climates 

differ, with that of Jehol harshly continental 

whereas Araripe is warm all year and more arid (see 

Table 2). Both are in middle income countries 

(MICs), with China being lower and Brazil higher 

middle income, but income inequality greater in 

Brazil (see Table 3). The locales display well two 

characteristics of many important sites in poorer 

countries: extensive sale of fossils to the foreign 

market, and theoretically strict legal protection (see 

Table 4).  

 

Jehol 

Some of the most complete fossils of recent years 

hail from the Jehol Group - namely the Yixian and 

Jiufotang Formations (Zhou et al., 2003). The 

fossils found at Jehol have shed light on the origin 

of groups including birds and angiosperms, with 

some of the most well-known fossils being those of 

feathered dinosaurs. The site is arid, with 

fossiliferous rocks thus naturally exposed at the 

surface. Its area is large, spreading into the three 

adjacent provinces of Hebei, Liaoning, and Nei 

Menggu (Inner Mongolia). Scientific excavation 

occurs, usually by the Beijing-based Institute of 

Vertebrate Palaeontology and Palaeoanthropology 

(IVPP) of the Chinese Academy of Sciences. 

Extensive excavation occurs by local farmers for 

sale to fossil markets and often thence 

internationally (Dalton, 2000). Sale of most fossils 

is prohibited, with a 2004 law affirming state 

ownership, but Liaoning allows sale of non-tetrapod 

fossils (China Daily, 2007). Enforcement is the 

exception rather than the rule (Schmidt, 2000), with 

dealers simply “more secretive” after a tightening of 

laws in 2004 (Chiu, 2009). A draft law proposes 

giving more power to local officials (Chiu, 2009). 

Local museums have been established, including 

the Sihetun Geology Museum at Beipiao, and one at 

Shenyang, construction of which began in 2007 

(Chiu, 2009). In 1998 the 46km
2
 Beipiao Fossil 

Bird Reserve national geopark was established near 

Chaoyang city, with animal and landscape 

reconstructions. 

Economy. The museums are funded by state 

subsidy. The Sihetun museum cost some US$1.2 

million and employs full time guards, though the 

charging of their employment to the IVPP is 

controversial (Dalton, 2000). The Chaoyang reserve 

employs a 40 strong guard (China Daily, 2007). 

Fossil collecting and selling is a major income 

source for many, earning farmers much more than 

agriculture (Dalton, 2000). The area is not poor by 

Chinese standards, but by western standards 

incomes are low (Table 3), and with labour thus 

cheap fossil collecting and selling for export has 

become a major business.  

Society. Social cohesion is poor, with 

conflicts between regional and national authorities, 

and between local excavators and authorities. Some 

IVPP scientists have found it difficult to obtain a 

collecting permit to collect following 

decentralization of authorization (Du, 2004). Both 

museums and the IVPP are state subsidized and thus 

spend on museums has reduced the IVPP budget, 

causing tensions (Dalton, 2004). There are also 

conflicts over custody of collected fossils, with 

local authorities wanting them to remain in the 

province and central authorities fearing 

mistreatment of finds in local hands (Du, 2004). 

Conflicts between diggers and authorities are 

exacerbated by corruption, with diggers fearing 

authorities will sell confiscated fossils. In Shaping, 



Henan, this precipitated a standoff between local 

diggers and authorities, with seven people arrested 

(Holden Platt, 2007). Diggers reportedly destroyed 

an important specimen to stop it falling into official 

hands (Dalton, 2004). Fossil thieves are potentially 

punishable by execution (Schmidt, 2000). This has 

not been employed, but incarceration is also a 

concern as prison conditions are poor (Guo, 1996) 

and families negatively impacted economically and 

psychologically (Chui, 2009). Education is 

promoted via the recently constructed museums, 

with the Chaoyang park being very extensive. The 

quality of displays is not always good however, 

with models and displays lacking accuracy, and the 

Sihetun and Chaoyang centres are hard to access 

(Dalton, 2000). Visitor numbers are not large at the 

sites. Despite educational efforts, locals often have 

little understanding or appreciation of the fossils 

they dig and sell (Dalton, 2000). Having yielded 

some of the most spectacular fossils in recent years, 

the Jehol Group continues to be the subject of work 

by scientists from around the world. Digs are 

carried out regularly by the IVPP in collaboration 

with a number of institutions. Foreign scientists 

complain of limited access to fossils both when 

visiting China and via loans (Dalton, 2000), and 

centrally-based Chinese scientists have met 

difficulties obtaining permission to dig (Du, 2004). 

Non-professional, illegal excavation has quickened 

the pace of discovery, with local diggers finding 

Anchiornis (Dalton, 2009), Sinornis and 

Sinosauropteryx (Hecht, 2007) among others. It is 

feared however that illegal sale to private collectors 

has meant many scientifically important finds have 

been lost to the public (Dalton, 2000), and the 

unprofessional nature of most excavation sees loss 

of much contextual data even if the specimen 

reaches public hands.  

Environment. The fossil resource is very 

large and physical limits are thus unlikely to be 

approached for some time, but the reliance of the 

economy on extractive use is high. Physical impact 

of fossil quarrying may lead to topsoil loss in this 

arid area. Road is the only access to most sites, but 

regional transport is reasonable (Table 6), and the 

low number of visitors overall keeps emissions low. 

 

Araripe 

The Araripe basin is found in the state of Ceará in 

Northwest Brazil. The Crato (Late Aptian) and 

Santana (some 10Ma younger) formations are the 

two Konservatlagerstätten found at the locality. The 

Crato is famed for its excellently preserved insect, 

plant and pterosaur fossils, and the Santana for 

fishes, pterosaurs, some dinosaurs, crocodiles and 

turtles (Martill and Heads, 2007). Aboveground a 

spectacular landscape – the Chapada do Araripe – is 

formed by limestones and conglomerates (Martill 

and Heads, 2007). Quarrying for ornamental 

limestone continues, especially of the Nova Olinda 

member of the Crato formation. Fossils are sold by 

quarry workers and independent diggers, though 

this is illegal as all fossils are state property and 

may not be bought or sold (Besterman, 2001). Digs 

occur, and local museums – the Museu de 

Paleontologia (MdP) at Santana do Cariri and 

smaller ones in Jardim and Crato – house 

collections and are involved in science and 

education. The area became a UNESCO GeoPark in 

2006. Geosites of key interest are designated 

(Geopark Araripe, 2009), over 50 potential 

“Geotope” reserves identified and three created 

(Martill and Heads, 2007), and the MdP is being 

restored.  

Economy. The main geological economic 

activity at the site is quarrying, with fossil selling 

second. The area is very poor in part due to extreme 

inequality in land tenure (Rural Poverty Portal, 

2010). Fossils are usually sold to local middlemen 

who then sell them to dealers in cities (for example 

Fortaleza and São Paolo) for export, or to tourist 

markets (Martill and Heads, 2007). Markup in price 

from sale by diggers to that by dealers on the 

international market can be 10,000 fold (Besterman, 

2001), with 100-1000 fold common (Martill, 2001). 

Creation of the Geopark is hoped to encourage 

development of geotourism as an income source 

(Geopark Araripe, 2009). The museums already 

employ some local people, and the renovation 

works of the MdP will employ construction 

workers. Guided tours will expand employment.  

Society. Engagement by some locals has 

been strong, but serious tensions exist. Continued 

commitment from local academics, especially the 

former rector of the Regional University of Cariri, 

has underlain the Geopark‟s creation (Martill and 

Heads, 2007). Community involvement with fossils 

is increasing, especially with the Geopark‟s 

development. However, the fossil trade is a source 

of major tension between authorities (museums, 

police) and other citizens. Local diggers are rarely 

stopped and are generally not viewed as criminals 

due to their poverty, and enforcement of the law is 

not strict. If enforcement occurs it usually involves 



confiscations from dealers and stall-owners, and 

interception of shipments by customs. Middlemen 

and police carry guns and middlemen have 

threatened scientists (Martill, 2001). Police 

corruption is high in Brazil (Ivković, 2003), and 

police sometimes re-sell confiscated fossils (Martill, 

2001). In recent years imprisonment and 

deportation have befallen visitors from high income 

countries who have attempted to collect (Martill and 

Heads, 2007).The museums provide education, and 

this is expanding with the Geopark. Santana 

museum will soon run guided tours (Martill and 

Heads, 2007). Educational signage already exists, 

and Geosites (Geopark Araripe, 2009), “Geotope” 

reserves, and viewpoints (Martill and Heads, 2007) 

will be pedagogically and aesthetically beneficial.  

Scientific digs, exchanges and visits continue 

(Geopark Notícias, 2009, Geopark Araripe, 2009). 

The Santana museum provides lab space and some 

accommodation for visiting scientists (Martill and 

Heads, 2007), and a collection worth US$30 million 

(Geopark Notícias, 2009). Creation of “Geotope” 

reserves in development of the Geopark should see 

exposures protected and maintained for scientific 

use. There is tension between local and foreign 

palaeontologists however. Foreign scientists often 

wish to collect, but to protect Brazilian research 

interests this is only allowed in collaboration with 

Brazilian researchers and with permission of the 

National Department of Mineral Production and the 

Scientific Council (Besterman, 2001). The process 

of obtaining permission has also become more 

difficult, with local staff no longer empowered to 

authorize return visits (Martill and Heads, 2007). 

Foreign scientists often buy fossils illegally, but 

equally have legal fossils stopped and on-sold at 

customs by corrupt officials (Martill, 2001). Some 

advocate deregulation (Martill, 2001), but Brazilian 

scientists fear loss of fossils from Brazil, due to the 

greater buying-power of higher income country 

(HIC) individuals and institutions (Besterman, 

2001).  

Environment. Extractive use is extensive, 

both for fossils and stone, but some fossils are very 

common (Martill, 2001). The Geopark should 

protect sites and expand non-extractive income, but 

is in its infancy. Due to aridity fossil digging, and 

also unregulated quarrying can precipitate loss of 

topsoil which may enter streams (Besterman, 2001). 

Fossils sold from the Crato formation come mostly 

from stone quarries and thus environmental impact 

is less than those from Santana, which are dug for 

specifically in mines up to 10m deep (Martill and 

Heads, 2007). GHGs may be a concern as access is 

currently only by road (Table 6), though in Brazil 

bioethanol from sugarcane makes up to 40% of all 

fuel used (Macedo et al., 2008).  

 

Summary of Case Examples 

 
Economy. The most commercially 

profitable usages are extractive: quarrying and fossil 

sales. Both require no subsidy and employ larger 

numbers, though both are not ultimately sustainable 

as they deplete finite resources. Non-extractive uses 

can be profitable. Several museums cover their 

costs, though buildings were often subsidized. 

Numbers employed are lower than large-scale 

extractive operations, but profits may be more 

equally distributed. Touristic undertakings at 

several sites require public subsidies but may break 

even if WEIs are estimated. Difficulty of access and 

low incomes may hamper profitability at middle 

income country sites. Several “paying to 

dig/collect” systems are profitable, but again rely on 

extraction. 

Society. Sites with purely non-extractive 

usage appear most cohesive though the majority of 

higher income country examples lack major 

tensions irrespective of usage type. Controversy 

over commercial sale of fossils appears to generate 

discord whether between quarry workers and 

owners, academics and private collectors, national 

and international scientists or local and national 

authorities. Strict illegality of collection in the 

middle income country sites combined with poor 

law enforcement and great rewards from 

international sale due to the countries‟ poverty 

exacerbate conflicts.  

Many sites provide or are constructing 

educational facilities. Museums provide informative 

displays and are bases for activities such as 

excursions. Opportunities for the public to dig and 

collect provide practical experience of geology, 

though as extractive uses these are not „truly‟ 

sustainable. Educational value of some sites is 

limited by lack of signage, and lack of accuracy and 

low visitor numbers impede education at Jehol in 

particular, though exhibits are imposing. 

The amount of active science varies from 

almost-none with no in situ collections to extensive 

interaction with scientific institutions and large 

collections on site. Access to material varies from 



all important finds reaching scientific institutions 

through to large-scale commercial sale of 

scientifically important material. Access by foreign 

researchers can be difficult at the middle income 

sites. Commercial collection does appear to 

accelerate find rate. Development (coastal defences, 

landfill) is a concern for both science and education 

at several sites.  

Environment. Quarrying sees rapid 

removal of geological resources and in the very 

long-term, depletion of these resources will see 

potential economic and social benefits reduced. 

Impacts on other aspects of the natural environment 

are limited and biodiversity can even be enhanced 

by quarrying as at Solnhofen. Short-term quarrying 

can cause pollution if not well regulated. 

Commercial collection can have similar effects if on 

a large scale. Any developments, even non-

extractive ones, will have some impact on 

biodiversity. Increased visitor numbers on 

development of extractive and non-extractive 

attractions may bring with them disturbance and 

waste. GHG emissions from transport are especially 

a concern at remote sites.  
 

Discussion 
 

The case examples illustrate well the difficulties in 

reconciling the different pillars of sustainability and 

in maximizing welfare justly both inter- and 

intragenerationally in the context of fossils. The 

most economically beneficial uses - quarrying and 

commercial collection - are not physically 

sustainable long term, and can have negative 

impacts on social cohesion, education and science. 

Laws such as Baden-Württemberg's Schatzregal 

law can be beneficial for science, but may limit 

commercial use. Seemingly benign developments 

such as geotourism can have negative 

environmental impacts. However, based on the 

examples and literature ways forward can be 

tentatively suggested. 

 

Non-extractive uses 

Non-extractive means of usage such as 

museums and geoparks can provide relatively 

justly-distributed income, have many positive social 

impacts and, though environmental impacts are not 

insignificant, do not deplete geological resources. 

Their continued, regulated, development with 

appropriate public funding where necessary can be 

recommended. The examples display that, under the 

right circumstances (high local tourism, reasonable 

access) private museums and geotouristic 

excursions therefrom can be profitable. Number 

employed is lower than extractive activities, but 

profits may be more equally distributed, improving 

social cohesion. No instances of poor social 

cohesion appear to have arisen in the examples due 

to non-extractive activities. Such ventures also 

provide education and promote interest in science if 

not directly supporting it (Winton may be an 

exception here where museum profits may 

ultimately be used to finance scientific work). 

Educational benefits do only accrue to those who 

visit the sites and access is restricted to those with 

means enough, though intragenerational distribution 

here can be improved by public transport. At remote 

sites, charter transport (e.g. buses) could be 

arranged and in areas with broadly good public 

transport, managers should work with local 

planning authorities to adjust and develop transport 

routes, as has been successful at the Jurassic Coast.  

Public subsidies may be required for 

buildings, and to support such endeavours per se in 

some areas. These are not unsustainable if they do 

not lead to a net depletion in public finances. WEIs 

also mean that seemingly subsidized attractions may 

run at a „profit‟ to the wider economy, as 

exemplified by DPP. All the profitable examples 

required an initial subsidy for buildings, and 

authorities would be wise to make lump sums 

available to stimulate such businesses. An example 

is the Landfill Tax Credit Scheme which financed 

the Dinosaur Garden exhibit at Woodstock 

(Ardley). Before capital is allotted commercial 

viability of the scheme should be assessed. Even if 

long-term subsidies are required, situating and 

planning museums and other developments to make 

them as self-funding as possible would be wise. 

This is perhaps a failing at Jehol, where large sums 

have reportedly been spent on major infrastructure 

which is inaccessible. The situation at Winton, 

where land was donated privately, is excellent but 

facilitated by goodwill and cheap land. 

Development of "branding" such as World Heritage 

Sites and Geoparks is an avenue to be pursued in 

developing non-extractive income. The WHS brand 

at the Jurassic Coast appears in its first five years to 

have already been important in bringing more 

tourists to the area and raising its profile (JCWHS, 

2009) and the Geopark initiative at Araripe has 

potential (though possibly hampered by 



inaccessibility). The quality of such brands must be 

upheld and accession thus somewhat restricted. 

Development of many national "geopark" 

initiatives globally demonstrates enthusiasm, but if 

unrestricted could dilute the meaning of such 

designations for visitors. Allocation of funding 

should, once again, be based upon sound business 

plans to ensure economic sustainability. Geotourism 

has potential to negatively impact science if not 

managed properly. Large numbers of visitors can 

potentially damage the local natural environment, 

for example causing erosion at DPP with limits on 

areas open to the public thus imposed. Guided 

walks, as on the Isle of Wight and at DPP are also a 

means of minimizing damage whilst allowing 

access. Waste and pollution such as campfire smoke 

at DPP must be managed, with adequate and well-

sited waste disposal facilities, rules, and 

signposting. Emissions from transport to attractions 

are a concern, especially where remote, though can 

be lessened by public transport development as 

described above to broaden access. 

 

Extractive uses 

Any usage which sees depletion of the in 

situ fossil resource without lasting expansion of 

another capital stock is unsustainable. Collection at 

loss rate does not reduce welfare for future 

generations and is thus sustainable. Faster-than-loss 

collection however does depauperate future 

generations‟ wealth of in situ fossils even if 

extraction rates are low. Such use can only be 

sustainable if compensated by long-term economic 

(i.e. invested) or maintained scientific/educational 

gains in capital.  

 

-Paying to dig 

Winton‟s „pay-to-dig‟ scheme and the 

tourist quarries present intermediate usage modes 

between non-extractive use and full commercial 

extraction. Such schemes have many social and 

economic benefits and can be sustainable, but where 

collection rate is faster than erosion scientific 

cooperation and/or financial investment is needed to 

make them so. The financial success of Winton‟s 

scheme and SK and MQ quarries display how such 

usage can be economically beneficial. In 

combination with adequate information they can 

also be of great educational benefit and stimulate 

interest. Profits should however be invested in non-

extractive educational and economic activities to 

make these benefits sustainable, with Winton‟s use 

of profits to part-construct a museum an excellent 

example. If coupled with science, touristic digging 

can enrich future generations‟ scientific knowledge, 

negating the loss of in situ resources. This is also 

exemplified by Winton‟s „pay-to-dig‟ scheme 

where paying volunteers part-fund and carry out 

scientific work. Though less explicitly coupled to 

science, important finds at Holzmaden and the 

public quarries at Solnhofen will be scientifically 

described, and this together with the economic and 

educational benefits of these activities potentially 

justifies their continuance. To avoid loss of 

scientific knowledge, amateur diggers should be 

properly informed and ideally supervised. The large 

number of hammer-wielding tourists on the Jurassic 

Coast is for example a concern for scientists (Munt, 

p.c., 2010), and supervision in high season is 

implemented (Edmonds, p.c., 2010). Again, as with 

all nature tourism, the impact of visitors on the 

natural environment must be regulated. GHG 

emissions are again a concern at remote sites.  

 

-Commercial collection 

Commercial fossil collecting has the 

potential for high financial and social benefits and 

can be made sustainable by coupling to science and 

appropriate investment of profits, but is 

unfortunately far from sustainable as manifested in 

several of the examples. Economic benefits arising 

from commercial collection can be sustainable if 

appropriately invested for future generations and 

distributed justly today. In all the examples there is 

no case of a clear investment strategy of profits, but 

this may occur to some extent through individual 

investment and use of profits to bring to light 

further scientifically important finds. 

Intragenerational economic justice is a concern at 

several example sites, with much greater profits 

accruing to landowners at Solnhofen and dealers at 

Araripe and Jehol than the collectors themselves. 

However commercial collection in poorer countries 

does serve to redistribute monetary wealth from 

richer countries to some extent. The proportion thus 

redistributed could be improved by „fair trade‟ type 

schemes, though success of such schemes is mixed 

for other commodities (Vaikila et al. 2010).  

Approaches to regulation. Irrespective of 

the sustainability of monetarized benefit from 

commercial collection, finding a compromise 

between scientific and economic welfare is difficult. 

Commercial collecting has brought to light many 

scientifically important finds - e.g. at Jehol - but it 



may see depletion of potential scientific wealth if 

important specimens do not reach museums. Three 

approaches are possible solutions: 1) a collecting 

ban with promotion of other economic activities; 2) 

a cooperative compromise; and 3) deregulation but 

with greater funding for science: 

-Approach 1. DPP provides an example of 

approach 1, where tourist revenue may keep 

opposition to what amounts to a full collecting ban 

minimal. Winton‟s museum and pay-to-dig scheme 

also provide excellent examples of potential income 

in a situation where all finds go to science (though 

this is not legally enforced). Even quarrying could 

provide such an alternative income as long as fossils 

found went to science. However, at Jehol and 

Araripe full legal collecting prohibition is not only 

ineffective but also the source of much social 

tension. This is in part because rewards of sale to 

the international market are relatively higher due to 

lower local incomes, and due to ineffective 

enforcement. Both China and Brazil have stronger 

penalties than at DPP but enforcement frequency is 

predicted and documented as more effective than 

higher penalties (Cook, 1977, van Soest and 

Vyrastekova 2005, Sutinen and Gauvin 1989, 

Leader-Williams and Milner-Gulland, 1993) and 

seemingly is so at DPP. At DPP various strategies 

to increase detection such as boundary patrols, 

working with local landowners, and strategically 

siting digs function well. High-detection and police 

effectiveness in general is hampered by lack of 

funds and by corruption in China and Brazil 

(Ivković, 2003), the latter partly itself a 

consequence of poor funding and income inequality 

(Rose-Ackerman 1997, Johnston 1997). Increasing 

(especially noncustodial) penalties is less costly to 

the law enforcement agency than increasing 

detection (Keane et al. 2008). However higher 

penalities inflict a higher marginal cost on society 

(Kaplow, 1990) via prison expenditure, effects on 

families, impacts on social cohesion and human 

rights, and higher serious crime (Leader-Williams 

and Milner-Gulland, 1993, Stigler, 1970). Increased 

detection frequency is more effective especially if 

decision makers are not directly affected (e.g. are 

dealers not collectors) or discount rate high (Milner-

Gulland and Leader-Williams, 1993) and in the case 

of preventing collection, emphasis on apprehending 

dealers may yield better results at lower cost than 

targeting collectors (Milner-Gulland and Leader-

Williams, 1993). Increasing detection rate is 

hampered by lack of resources in developing 

countries, but only the optimum detection rate must 

be reached and this can be relatively low (Walker et 

al., 2007). However, to relieve funding pressure on 

developing country police forces some also 

advocate enforcement of laws once fossils reach the 

West (Brodie et al., 2000, Besterman, 2001), 

thereby reducing demand. 

-Approach 2. The Schatzregal law of 

Baden-Württemberg presents a compromise 

between scientific and monetary ends, with all 

important finds going to science, but sale of other 

fossils allowed. It also combines positive (financial 

rewards) and negative incentives (fines). Denmark‟s 

danekræ law is very similar and uses both penalities 

and rewards, but provides higher rewards 

approaching the market price (Christensen and 

Hald, 1990). Italy‟s Cultural Heritage and 

Landscape Law (Codice dei beni culturali e del 

paesaggio) takes a similar approach – though to 

enforce a complete sale ban - with experts 

estimating reward value via methodical calculation 

of the specimen‟s value to science (Cioppi and 

Tangocci, 2008). All three laws have been effective 

at ensuring important finds reach scientific 

institutions (Hauff, p. c., 2010, Cioppi, p. c., 2010, 

Cuny, p. c., 2010).  

The voluntary codes of Mühlheim quarry 

and West Dorset also present compromise solutions. 

Collectors have freedom to set prices and ultimately 

not to sell to museums, benefitting collectors but 

possibly to the detriment of science, though in 

Dorset natural loss could mean fossils were lost 

without potentially high rewards. Goodwill and 

cooperation has underlain successful compromises 

and should certainly not be jeopardized where it 

exists. In Dorset for example, where fossil 

collection and sale has a long tradition and many 

rely economically upon it, an outright ban could 

meet much opposition and undermine cooperation 

but a Schatzregal type system could be viable 

(though requiring a (currently lacking) "county 

palaeontologist" to assess finds (Larwood, p.c., 

2010)). In Bavaria political opposition may make 

even this difficult, but a (potentially legal) code of 

practice similar to that adopted by the Mühlheim 

quarry would not undermine ultimate vesting of 

property in the landowner.  

-Approach 3. A third approach is 

deregulation (as is legally the situation in England, 

Bavaria and Australia), but coupled with increased 

buying power for science. This is often advocated 

by dealers (Titchener, p.c., 2010) as it would serve to 



benefit them, and also by some academics (Martill, 

2001). It would reduce social tensions, avoiding 

legal conflicts. If it were not to reduce spending on 

other areas of science, increasing buying power 

would require higher taxation, greater use of 

corporate sponsors, or development of 

tourism/museum commercial activities. Despite 

reduced police expenditure it would be difficult for 

institutions in poorer countries to finance purchases, 

though cooperation with those in richer countries to 

purchase for mutual use could be possible. This has 

potential to lead to spiralling prices, though could 

be combined with legal price-caps (including for 

non-scientific buyers).  

National versus global science. A further 

issue highlighted by the middle income country 

examples is conflict between national and global 

science. Palaeontologists in richer countries have 

questioned restrictive laws in poorer countries as 

potentially impeding global science, as important 

specimens may be lost to science altogether, 

facilities may be better at foreign institutions, and 

loan arrangements problematic (Martill, 2001). 

These laws are justified by arguments that 

deregulation would precipitate loss of specimens 

from such poorer countries, negatively impacting 

domestic science (Besterman 2001, Schmidt 2000), 

economy and cultural heritage. Protection of 

national science per se is questionable as scientific 

knowledge is generally non-excludable, but if 

retention could increase the financial or 

cultural/educational wealth of poorer countries it 

could yield higher overall welfare under Rawlsian 

welfare functions. These laws are however currently 

ineffective (see Jehol and Araripe above) and may 

indeed undermine acquisition of monetary wealth. 

Irrespective, mutual concerns could be alleviated by 

contractual agreements between institutions in more 

and less wealthy countries, whereby funds would be 

used to buy specimens for shared use. Such 

developments would mirror approaches such as 

material transfer agreements recommended for 

biodiversity studies by the Convention for 

Biological Diversity (CDB) (see Secretariat of the 

Convention on Biological Diversity 2002).  

Physical environment. Irrespective of 

social situation, approaches taken to collection 

should be tailored to individual sites and fossil 

types, as advocated by Natural England in its 

categorization of sites into exposure/extensive, 

finite, and integrity (Natural England, 2010). On 

eroding coasts, or where quarrying is undertaken, a 

more liberal collecting policy may be appropriate as 

fossils would otherwise be lost. Unique and 

vulnerable sites, such as the Ediacaran fauna of 

South Australia's Flinders ranges (Gehling, p.c., 

2010), should be protected stringently, with an 

emphasis on enforcement frequency not strength 

(see above). 

 

-Quarrying 

Quarrying may not be economically 

sustainable without investing profits, but is usually 

scientifically beneficial and, as with large-scale 

fossil collection, environmental impact varies. 

Quarrying rests on an unsustainable environmental 

base, but if profits are reinvested in sustainable 

activities benefits could be spread justly between 

generations. No such investment is done officially at 

the example sites. Income from quarrying tends to 

accrue to the quarry owner to a larger extent than to 

workers, and this may be a greater problem in 

Brazil due to the very inegalitarian distribution of 

land (Pereira, 1999). However in Solnhofen workers 

have been able to purchase and run their own 

quarries (Kesibaş, p. c., 2010), though some quarries 

are passed on as family businesses (Bergér, p.c., 

2010). Scientifically, quarrying is often positive as 

it leads to new discoveries, though many fossils are 

also destroyed and access usually depends on 

goodwill of the landowner. Stipulation that 

important finds go to science (as in Baden-

Württemberg) may alleviate loss. Both quarrying 

and large-scale fossil extraction have potential for 

significant negative environmental impact if not 

properly managed. Ensuring they do not impact 

negatively the surrounding environment requires 

appropriate planning laws with effective 

implementation. Watercourse pollution at Araripe 

could (even if fossil collection were legal) be 

reduced were planning regulations on quarrying 

such as those in Bavaria implemented and enforced. 

However, enforcement faces hurdles (see above). If 

managed properly, biodiversity can be increased or 

unaffected as at Solnhofen and Holzmaden. GHG 

emissions from extraction and transportation of 

materials and also transportation of tourists are a 

concern. Encouraging businesses to use less 

polluting transport for goods may require regulatory 

intervention in the form of carbon taxes or 

emissions trading schemes (see Abrell, 2010, Jagers 

and Hammar, 2009).  

 

 



 

Infrastructure development 

In more densely populated areas one of the 

greatest threats to scientific and educational usage 

of sites is development of infrastructure and other 

physical capital. However some such development 

at least is essential for social and economic 

functioning. Coastal sites are threatened by sea 

defences (e.g. Isle of  Wight, Jurassic Coast), and 

inland ones can be endangered by landfill (e.g. 

Ardley) and infrastructure projects (e.g. 

Holzmaden). Without undermining economic 

development, mandatory palaeontological digs and 

assessment of land destined for development could 

be implemented, as is currently carried out for 

archaeology in many countries including the United 

Kingdom and Germany (Oxford City Council, 

2008, Hildebrand, 2009). Compulsory 

palaeontological assessment of planning 

applications could also be implemented, but as finds 

(as at Ardley) may not be evident until after 

applications have been granted this would not 

always be effective. Declaration of protected status 

could have retroactive effect on planning 

applications, but unless backed up by full 

compensation to the landowner could prove 

problematic for businesses and individuals and 

contravene principles of the rule of law (Radin, 

1989). Making available public funds to purchase 

all or part of sites could thus be preferable to 

retroactive planning laws even if compensated.  

 

The big picture 

The sustainability of sites can be improved 

by addressing problems at local scale, but the case 

studies reflect wider issues of sustainable 

development. The clearest dichotomy among the 

case studies is between high and middle income 

countries. Collection for private sale in Jehol and 

Araripe, whether desirable or not, is profitable due 

to global income disparities. Enforcement of laws 

faces hurdles of judicial corruption and lack of 

access to justice for the less wealthy in poorer 

countries such as China and Brazil (Decker et al. 

2005). Within country inequality underlies much of 

this corruption (Apergis 2010, Chang 2007) and is 

the root of many of the tensions seen at Jehol and 

Araripe. Globalized trade has lessened inequality, 

but trade barriers continue to hamper its effects, and 

redistributive policies can accelerate them (Tayebi 

and Ohadi, Sen 1999). Palaeontological businesses 

– whether extractive or not - can play a role in 

wealth redistribution both within and between 

countries, but without changes to trade barriers and 

to both national and international redistributive 

policies, their effects will be limited.  

Within all countries, fossils reflect the wider 

socioeconomics of sustainable resource 

management. Many benefits from fossils such as 

recreational value of freely accessible sites and (to a 

large extent) educational and knowledge (Stiglitz, 

1999) are public goods, with positive externalities 

which fail to be internalized unless provided 

communally. Pollution from fossil extraction at 

Araripe is an example of negative externalities. 

Most believe some degree of governmental 

intervention is needed to price in such externalities, 

but the question is how much? Like that 

increasingly carried out for biodiversity (see 

Martín-López et al., 2008, Nijkamp et al., 2008, 

Pearce and Moran, 1994), quantitative economic 

assessments of the unpriced value of fossils, 

geological education and palaeontology, and of 

palaeontological sites hold significant merit in 

allowing governmental intervention (whether by 

subsidies, fines, or non-monetary incentives and 

punishments) to be planned and justified properly. 

Assessments must be rigorous and certain not to 

overestimate value as this could undermine the 

credibility of such work altogether. Quantitative 

assessments of geodiversity value should also 

ideally be made using a welfare function taking 

inequality into account (e.g. Rawlsian), and the 

principal of equal distribution should be born in 

mind by managers and regulators in specific cases. 

Equally, in carrying out assessments of fossils‟ 

value, and in geopolicymaking, very high 

importance must be accorded to the future to 

minimize discounting.  
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http://www.11880.com/be/lebensmittelgeschaefte/holzmaden-schempp-gmbh-QIOMINJI1D84A9.html
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Jehol 

 

Witton, M., University of Portsmouth. Telephone. 
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